The feeding behavior of 19 mule ducks (males and females) bred in a group was studied during their growth phase (between 3 and 8 wk of age) using the recording system for waterfowl feeding behavior developed in our lab. The basic feeding behavior data obtained allowed us to confirm on the one hand the reliability of our tool and, on the other hand, to compute food intake traits per day (ADFI, number of visits, and time spent feeding per day), per visit (feed intake per visit, visit duration, and visit feeding rate), and per meal (meal size, meal duration, and meal feeding rate). Daily feed intake increased with age (130 to 248 g/d) while the time spent feeding decreased from 14 to 5.5 min/d. Because the duration of visits remained stable (average 45 s), this reflected a decrease in the number of visits per day. At the same time the feed intake per visit and the feeding rate per visit increased sharply with age. The same trend was observed at the meal level for both the feed intake and the feeding rate. Feed intake did not differ between males and females, but the time spent feeding was significantly greater for females than for males (10.8 and 8.9 min per day and 53 and 37 s per visit for females and males, respectively), leading to significantly greater feeding rate for males (30 g/min) than for females (24 g/min). Grouping visits in meal events minimized the differences between genders as the meals tended to comprise fewer visits for females. Under the hypothesis of a genetic link between feeding behavior during growth and force-feeding ability of ducks, genetic selection of these behavioral traits could be included in breeding programs to improve the force-feeding capacity of mule ducks.
INTRODUCTION
Feed efficiency is a major economic issue in duck production, as is the case for all poultry productions. The main poultry species have already been selected on this trait (Gilbert et al., 2006 ) using residual feed intake, which estimates for each animal the difference between its expected feed intake, according to maintenance needs and production level, and its real feed intake. Little is known about residual feed intake in ducks; the only study on this trait in ducks (Basso et al., 2012) having been performed during the laying period. Interestingly, another associated trait, the feed conversion ratio, showed strong genetic determinism in both Pekin (Pingel, 1999) and mule ducks (Larzul et al., 2004) indicating that genetic selection for feed efficiency might be possible. Although breeders show much interest for this trait, feed efficiency is included in duck breeding schemes only by way of the indirect selection of correlated traits. This represents a substantial loss estimated at approximately 30% of genetic progress that could be obtained with direct selection (N'Dri et al., 2007) .
Fatty liver production, based on force-feeding of mule ducks, an intergeneric hybrid between common female ducks (Anas platyrhyncos) and Muscovy drakes (Cairina moschata), requires specific information on the feed intake capacity of ducks over a short time (Guy et al., 1997) because the feeding rate seems to be one of the key factors for preparing ducks before the force-feeding period. Moreover, in a crossbreeding experiment between Muscovy and Pekin ducks, Larzul et al. (2006) reported differences in the ducks' feed intake capacity depending on their genotypes (mule and Hinny ducks could ingest about 10 kg of maize compared to 8.1 kg for Muscovy ducks and 7.9 kg for common ducks). This suggested the existence of a positive heterosis effect on feed intake capacity in ducks, which may have an impact on feeding behavior.
To be able to select on feed efficiency in ducks, accurate measurements of individual feed intake must be available. Up to now, measurements of individual feed intake involved placing animals in individual cages in conditions far from those used in normal production. N'Dri et al. (2007) showed that feed intake measured in cages was not an efficient indicator for evaluating the feed intake of "Label" chickens bred on litter. In addition, this kind of measurement is time consuming and disregards animal welfare. As for studying individual eggs production in layers (Thurner et al., 2006) , the development of an automatic feed intake recording system is essential to carry out research in poultry with breeding conditions as close as possible to those found in commercial breeding systems. A first system of individual recording of feed intake has been developed and described by Bley and Bessei (2008) .
To investigate feed efficiency in ducks intended for force-feeding, we developed a new, specially fitted system that monitors individual feed intake and the behavior of groups of mule ducks. This study presents preliminary results on the feed intake behavior of male and female mule ducks obtained with an individual automatic recording system recently developed in our laboratory.
MATERIALS AND METHODS
The present study was performed in agreement with the French National Regulations for human care and use of animals for research purposes. Animals were breed at the experimental INRA Farm (Unité Expérimentale des Palmipèdes à Foie Gras [UEPFG], Benquet, France), which has the experimental approval B40-037-1.
Individual Feed Intake Recording System
Mechanical Details. To obtain reliable data on the feed intake of individual ducks, we developed a specific individual feed intake recording system. A first matter of concern was to be able to ascertain with confidence the identity of the animal feeding at any time. To ensure that only 1 duck could feed at a time, access to the feeder was restricted using a small corridor of adaptable length and width, depending on the size/age of the animal (Fig. 1 ). An adaptable height limit bar was also placed at the entrance to prevent another duck from climbing over the duck that was feeding. A size-adjustable access hole (for the duck's head) was situated at the front of the feeder. In addition, a grid on the floor in front of the feeder collected any pellets dropped by the feeding animal and prevented the following ducks from eating them. Wasted food (pellets collected from beneath the grid) was manually weighed every day. The feeder was placed on an electronic scale (Balea POD 3 kg/0.5 g; Balea S.A., Saint Mathieu de Tréviers, France). The accuracy of the weighing scale was ±0.5 g. More accurate weighing was not necessary because measurements were performed in a typical farm building and could be distorted by dust and other particles. Animals were identified using a radio frequency identification system (RFID). Each duck was identity (ID) tagged with a chip attached to the neck (Basso et al., 2008) . A reader meeting the standards of the International Organization for Standardization (Panel Reader V3; AGID, Dijon, France) was used and its antenna was placed on the feeder. An infrared (IR) sensor was used to permanently detect the presence of an animal near the feeder.
Software and Meal Calculation. The data provided by the various components of the system (the 2 sensors-IR cell and ID reader-and the Balea scale) was collected by a computer. Every time the status of 1 of the sensors changed (IR cell or ID reader), the feeder weight, sensor status, date, and time were recorded and stored in a remote database. A visit was considered to begin when a duck was detected by the IR sensor and ended when this same sensor stopped detecting the duck. The start time and duration of each visit were thus obtained. The intake per visit was calculated as the difference of the weight of the feeder between the start and the end of the visit. As the ID reader operated continuously, if an animal came close enough to the feeder, at least 1 record was generated and the visit was attributed to the electronic identification number of that animal. If more than 1 identification number were read during 1 visit, the visit was considered as "multiple" and the consumed food was not attributed to a duck. At times a record was generated but the duck was not identified; in this case the visit was considered as "unassigned."
The amount of feed use to fill the feeder was weighed daily. The automatic calculated amounts of feed consumed were compared with manually weighed feed consumption over 24-h periods. Each day, the difference between the amount of feed automatically attributed by the system and the amount estimated manually was lower than 0.5%.
Animals
Nineteen mule ducks (10 males and 9 females) from a commercial breed and the same hatching batch were used in this experiment. The animals were received at the INRA duck experimental farm (UEPFG) at 1 d of age and were immediately placed in the experimental building (10 m 2 ). Feeding parameters were recorded from 6 to 56 d of life, which corresponds to the usual growing phase with ad libitum feeding for force-fed mule ducks. Lighting was permanent during a first period, from 1 to 26 d of age; then animals were bred under natural lighting conditions during a second period with approximately 15 h of light and 9 h of dark (15L:9D). From 1 to 28 d of age, ducks received commercial pelleted feed of 2.5 mm diameter containing 17.5% of CP and 2,800 kcal/kg. From 28 d of age on, the diameter of feed pellets was increased to 4 mm and contained 14.8% CP and 2,800 kcal/ kg. A single automatic recording feeder was used and a water dispenser was situated about 3 m from the feeder. Feed and water were supplied ad libitum. The litter, which consisted of straw, was renewed daily. The significant livestock operations performed during the experimental period were trimming the ducks' beaks at 40 d of age and weighing the animals at 10, 28, and 48 d of age.
To evaluate the impact of the automatic feeder system on animal growth, 100 males and 100 females mule ducks from the same hatching were raised in classical farming conditions and were weighed at 28 and 48 d of age.
Traits and Analysis
The individual feed intake recording system provided a file with all the elementary feeding events, called visits. To determine feeding behavior patterns over periods of time, the duration of the interval between 2 visits to the feeder (so called "pause") was calculated. The frequency distributions of these pauses, as Log e -transformed pauses, were plotted to estimate meal criteria, using the method developed by Howie et al. (2009a) . For each duck, visits to the feeder were grouped into a same meal if the interval between 2 visits was lower than the meal criteria. The following traits were calculated using this information: number of meals per day, number of visits per meal, ADFI (g), duration of feed intake per day (min), intake per visit (g), visit duration (s), visit feeding rate (g/min), pause between visits (s), meal size (g), meal duration (s), and meal feeding rate (g/min). It should be noted that the meal feeding rate is the ratio between the meal size and the meal duration minus the pauses within a meal. For each duck, data were summarized by week of age (wk 1 from 1 to 7 d of age, wk 2 from 8 to 14 d of age, wk 3 from 15 to 21 d of age, wk 4 from 22 to 28 d of age, and so on until wk 8 from 50 to 56 d of age).
To normalize the data, a logarithmic transformation was applied to the traits that presented a very asymmetrical distribution: intake per visit, visit duration, visit feeding rate, pause between visits, meal size, meal duration, and meal feeding rate. The significance of the "week" and "sex intra week" fixed effects was determined using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) with "duck" as a random effect.
RESULTS AND DISCUSSION

Use and Reliability of the System
Multiple and Unassigned Visits. Figure 2 shows the total number of visits and the amount of feed consumed in the feeding system per day.
The amount of visits was particularly high at the beginning of the experiment with more than 1,000 visits occurring every day during the first week. However, a rapid drop in the number of visits was observed when the ducks reached 2 wk of age and from then the number of visits per day remained constant, ranging from 200 to 400. The initial period when numerous visits occurred was almost certainly a training period as the animals discovered the feeder. The proportion of multiple visits rapidly decreased from 33% at the beginning of the experiment to only 2% at 14 d of age and then became very rare after 16 d of age (7 occurrences out of 9,730 visits over the 5-wk recording period). At the same time, unassigned visits also decreased from 25% at the beginning of the experiment to 15% at 2 wk of age, but such visits, which median duration is very short (about 2 s; result not shown), did not disappear entirely and represented between 6 and 21% of visits per day.
There was a constant increase of feed intake during the animals' growth (Fig. 2) . The small drop observed at 40 d of age was clearly linked to the beak-trimming event that occurred at that time; the 2 following days of high feed intake were explained by the animals' need to compensate. It is important to note that the great majority (97%) of unassigned visits did not lead to unassigned feed intake because they were caused by ducks that did not come close enough to the feeder to be identified and then eat.
Feed Wastage. Wasted feed (pellets dropped in front of the feeder and collected under the grid) represented from 1 to 3% of the total feed taken by the ducks from the feeder per day. Wastage was therefore very low and did not impact the estimation of individual feed intake. Moreover, the implementation of the grid meant that the wasted food could not be recovered by the following ducks, thus preventing any change to their feed intake and behavior.
Impact of the System on Growth. As shown in Fig. 3 , the body weights of experimental male and female ducks were almost identical at 10 d of age (200 and 215 g, respectively). As expected because of the slight dimorphism between male and female mule ducks (Tai and Rouvier, 1998) , males became slightly heavier than females at 4 wk of age (1,587 and 1,496 g, respectively) and this difference increased at 7 wk of age (3,161 and 2,777 g, respectively). The body weights of the control group (mixing female and male ducks) raised in conventional farm conditions were similar (1,331 and 2,921 g at 4 and 7 wk, respectively); therefore, the use of the individual feed intake record system did not affect growth.
The impact of the lighting rhythm (permanent lighting up to 26 d of age and natural lighting conditions [15L:9D] thereafter) was described by Marie-Etancelin et al. (2013) and could explain the particular changes in feeding behavior observed between wk 4 and 5. In the following sections of this study, because of the large number of unassigned visits and consumptions before 14 d of age, we focused our analysis on the period between 3 and 8 wk of age.
Feeding Behavior
Average Daily Feed Intake and Duration of Feed Intake per Day. The ADFI (Fig. 4a) increased slowly from 130 g at 3 wk of age to 248 g at 7 wk of age, with no significant difference between sex. These results are similar to those described by Bley and Bessei (2008) who measured an ADFI ranging from 150 g at 2 wk of age to 250 g at 7 wk of age with 500 male and female Pekin ducks using their own feeding recording system. In that report, males , and number of visits per day (c). The P-value of sex intra-age effect: *0.05 > P > 0.01; **0.01 > P > 0.001; ***P < 0.001. also seemed to have a slightly greater feed intake than the females but the difference was never found to be significant.
The daily feeding time decreased with age for both sexes (Fig. 4b) , with 2 significant drops: from 14 min to 8 min between 4 and 5 wk of age and from 8 min to 5.5 min between 7 and 8 wk of age. Between 3 and 8 wk of age, the average daily feeding time was 9.8 min/day. Female mule ducks always spend more time per day feeding than males; the difference was found to be significant for each week from the fourth week on. Howie et al. (2010) showed that Pekin ducks have a shorter daily feeding time (on average less than 12 min/day from 3 to 7 wk of age) than turkeys (approx. 34 min/day from 18 to 22 wk of age) or broilers (64 min/day from 2 to 5 wk of age). When compared with these results, our study shows that mule ducks spend even less time feeding per day than Pekin ducks. This point should be taken into account when feeding birds with a rationing feeder. In our experiment, although the device was available 24 h per day, the total daily use of the system was very short (5 h maximum per day). At 3 and 4 wk of age, a bird:feeder ratio of 40:1 would be acceptable and represents about 10 h of use per day. For older birds that spend less time feeding, the ratio could even be increased. However, such changes in the bird:feeder ratio may affect feeding behavior and therefore need to be ascertained, especially during hours where the feeder is frequently occupied. In broilers, Howie et al. (2009b) showed that the number of birds per square meter mainly affected the number of meals per day and, to a lesser extent, the meal size. Indeed, the meal size tended to increase and number of meals decrease when the number of birds per square meter increased. There was little effect on meal duration and feeding rate.
Individual Attendance. The number of visits per day is shown for both sexes in Fig. 4c . The number of visits was significantly greater at 3 wk of age than the weeks after. Indeed, the number of visits per day rapidly decreased from an average of 27 visits per day at 3 wk of age to 15 visits at 4 wk of age and then remained stable with between 10 and 15 visits per day. A slight difference was observed between genders because males seemed to visit the feeder more frequently, but this difference became significant only from 6 and 7 wk of age. In their population of 480 male and female Pekin ducks, Bley and Bessei (2008) obtained similar trends with 29 visits per day at 4 wk of age decreasing to fewer than 15 visits per day at 7 wk of age. They also showed that Pekin males went significantly more often to the feeder than females at 7 wk of age. In broilers, Howie et al. (2009b) showed that the number of visits (obtained by multiplying the number of meals per day by the number of visits per meal) varied from between 29 and 38 per day depending on the line for birds aged from 2 to 5 wk of age.
The intervals of time between 2 visits were highly variable, ranging from 1 s to more than 15 h. Howie et al. (2009a Howie et al. ( ,b, 2010 analyzed in detail the distribution of pauses to model biological meals from visit events. Even if very short intervals between visits to the same feeder could simply caused be by a temporary loss of contact between the bird tag and the RFID antenna (Howie et al., 2010) , it is important to distinguish pauses due to satiety of the animal (after a biological meal) from pauses to relax or drink (considered as within-meal events). We applied the same Figure 5 . Frequency distribution of log e transformed pause between visits to feeder, for all ages (histogram) or by age (lines). method to our data. Figure 5 shows that the log distribution of the pauses between visits is close to the trends reported by Howie et al. (2009a) . The length of the intervals between visits can clearly be divided into 2 groups. The first group comprises relatively short pauses, called "within-meal pauses" during which the animals drink or relax, and the second comprises longer pauses, called "betweenmeal pauses" during which animals are not hungry.
Back in 2005 in an experiment on rats, Zorrilla et al. (2005) suggested that the meal criteria could only be estimated accurately if within-meal drinking pauses were taken into account. In this study the meal criteria used to differentiate between within-meal and between-meal pauses was estimated using method 1 described by Howie et al. (2009a) , that is, by fitting a truncated log-normal model on our data distribution. The value for the meal criteria obtained was 1,790 s, which is in agreement with the meal criteria of 1,725 s found for Pekin ducks (Howie et al., 2010) . When compared on the basis of available data, Pekin and mule ducks seem to be very similar as regards to short-term feeding behavior. Moreover, as shown in Fig. 5 , the log distribution of the pauses depends on age with more short pauses, that is, within-meal pauses, for younger animals, possibly because young ducks are more active. By construction, the number of meals was lower than the number of visits, with each meal consisting on average of 1.5 ± 1.0 visits ( Table 1 ). The number of meals tended to decrease with age, but this decrease was less obvious than for the number of visits (result not shown). In broiler, Howie et al. (2009a) showed that, whatever the feeding strategy used, 3-wk-old birds had more daily meals than 4-wk-old birds, which again had more daily meals than 5-wk-old birds. On average, a slight but significant difference was observed between genders for the pauses within meals (Table 1) , with females having longer pauses during a meal (9.7 min ± 10.8 vs. 7.4 min ± 9.4). For the between-meals pauses, the difference between genders is no longer significant.
Meal Structure. The meal size, on average 24 g, increased significantly with age (P < 0.001) and ranged from 13 g per meal at 3 wk of age to 29 g per meal at 8 wk of age (Fig. 6a) . Differences between males and females were not significant whatever the age of the animals. Over the same period, meal duration (on average 210 s, including within-meal pauses) decreased slowly from 299 s at 3 wk of age to 139 s at 8 wk of age (Fig. 6b) . Due to the high variability of this trait, the difference of meal duration between sexes was significant only at 4 and 7 wk of age, with females having longer meals. The average meal feeding rate (Fig. 6c) , which did not take into account withinmeal pauses, was 23 g/min and increased significantly (P < 0.001) with age. Indeed, the ducks needed less time to eat larger amounts of feed as they grew older with a feeding rate of 8 g/min at 3 wk of age, which increased to 40 g/ min at 8 wk of age. Although the females were generally found to have a lower meal feeding rate than males, the difference was only significant at 4 wk of age. The meal size reported by Howie et al. (2010) in Pekin ducks was lower (19.3 versus 24 g, respectively) and meal duration longer (4 versus 3.5 min, respectively) than in our study. The meal feeding rate was therefore lower in Pekin ducks than in our study (20.7 versus 23 g/min). Even if Howie et al. (2010) showed that Pekin ducks had by far the greatest feeding rate compared with other poultry species, we demonstrate here that although all ducks have the same bill shape, mule ducks are able to eat faster than Pekin ducks.
Based on the assumption made by Baeza et al. (2005) who considered that the ability to eat a large amount of food in a short time explains a large part of the capacity to produce fatty liver, we deemed it essential to also study the visit feeding rate, which is in fact closer to the instantaneous feeding rate. We therefore investigated these 3 traits (feed intake, feeding duration, and feeding rate) at the visit level. Very little difference was found as regards to feed intake per visits between sexes (Fig. 7a ) but we confirmed a strong increase of this trait with the age of the animal (from an average of 6 g per visit at 3 wk of age to 28 g per visit at 8 wk of age). On the contrary, if feeding duration (average 45 s) did not vary with age, female mule ducks were found to stay at the feeder for much longer than the males (Fig. 7b) . Indeed, the longest visit durations were observed for 7-wk-old female ducks that spent 53 s per visit, that is to say 49% more time than males for whom the average visit duration was 37s when their feed intake per visit is only 25% greater. At the visit level, the feeding rate (Fig. 7c ) increased with age (from 12 to 44 g/min; average 26 g/min) with a very significant difference between sexes with a mean feeding rate of 30.0 g/min for males and only 23.6 g/min for females, that is to say a feeding rate 24% greater for male ducks. Concerning the feed intake per visit, Bley and Bessei (2008) reported a similar increase with age in Pekin ducks (from 7 g at 3 wk of age to 25 g at 7 wk of age) but in their study the visit duration also increased (from 29 s at 3 wk of age to 60 s at 7 wk of age). It is particularly interesting to note that they found also an increase of the feeding rate per visit for Pekin ducks but to a much lesser extent (from 15 to 23 g/min between 4 and 7 wk of age). For mule ducks the feeding rate at 7 wk of age is therefore much greater than that of Pekin ducks (44 versus 23 g/min, respectively). In contrast with our results, Bley and Bessei (2008) did not observe any significant differences in the feeding patterns of male and female Pekin ducks. It should be noted that the definition of the physiological meal (on the basis of which the feeding behavior of various species have been compared; Howie et al., 2010) could alter the conclusions drawn here. Indeed, the differences of feeding rates between sexes were not significant at the meal level but were very significant at the visit level. This is due to the fact that the number of visits per meal is slightly greater for males than females (1.55 versus 1.47 visits per meal, respectively), and this is sufficient to mask the difference between genders. When our results are compared to the literature on avian species, we could hypothesize that this difference in the feeding rate between species of ducks is linked to the ducks' capacity for liver fattening: Pekin ducks, unlike mule ducks, have a limited capacity (even are not able) to produce "foie gras." It will be interesting to investigate in the future if the significantly greater feeding rate of male mule ducks actually increases their force-feeding capacity when compared with females.
Beyond the difference in feeding behavior between sexes, variability between individuals is interesting to study. Labroue et al. (1997) and Howie et al. (2009b) showed, respectively, in pigs and broilers that animals with greater daily intake fed less often but had larger and longer meals. In cows, Tolkamp et al. (1998) demonstrated that animals of a same breed use different feeding strategies (in terms of meal size and number of meals per day) to eat the same quantity of food per day. According to Howie et al. (2011) , the heritabilities calculated for feeding behavior traits in broiler breeds range from moderate to high, varying from 0.29 for meal duration to 0.57 for the number of meals per day, with the feeding rate being one of the more heritable traits beyond feeding behavioral traits. Moreover, no feeding behavior traits, except for ADFI, which could be considered as a production trait, are genetically linked Figure 6 . Meal feed intake (a), meal feeding time (b), and meal feeding rate (c). The P-value of sex intra-age effect: *0.05 > P > 0.01; **0.01 > P > 0.001; ***P < 0.001. Figure 7 . Visit feed intake (a), visit feeding time (b), and visit feeding rate (c). The P-value of sex intra-age effect: *0.05 > P > 0.01; **0.01 > P > 0.001; ***P < 0.001.
to performance traits and in particular, the genetic correlations between the feeding rate and the feed conversion ratio or feed consumption per lifetime are null. For fatty liver purposes, it seems important to estimate the genetic parameters of feeding rate of mule ducks.
Conclusion
These preliminary results show that the individual feed intake recording system developed for mule ducks provides reliable data from 3 to 8 wk of age. Over this period the number of visits per day decreased whereas ADFI, meal, and visit sizes increased. If visit duration remained stable, meal duration and daily feeding time decreased with age mainly because the short pauses between visits (considered as within-meal pauses) existed only for younger ducks. As a result, the feeding rate at both the visit and meal levels increased significantly with age. For a similar amount of food, males spent significantly less time feeding than females but had more frequent and longer within-meal pauses. Whatever the age of the animals, the feeding rate of males was significantly greater than that of females and on average, males ate 24% faster than females.
Because we have confirmed that our individual feed intake recording system produces reliable data on duck feeding behavior in conditions as close as possible to those found on typical farms, we will now have the opportunity to estimate the genetic determinism of feeding behavior traits of mule ducks and their links with other production traits. If our results confirm those reported by Howie et al. (2011) , we can test the hypothesis that the force-feeding capacity of mule ducks can be improved by selecting traits of feeding behavior during growth, in which case these behavioral traits could be included in breeding programs.
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